
 
Human Antimicrobial Use 
 
 
Kurt B. Stevenson MD MPH 
Division of Infectious Diseases 
 
December 05, 2012 

 



Disclosures 

 No financial disclosures or conflicts of interest 
relative to this presentation. 

2 



Antimicrobials present unique management 
challenges 

 200-300 million antibiotics are prescribed 
annually 
 45% for outpatient use 

 25-40% of hospitalized patients receive 
antibiotics 
 10-70% are unnecessary or sub-optimal 

 5% of hospitalized patients who receive antibiotics experience an 
adverse reaction 

 Antibiotics are unlike any other drugs, in that use 
of the agent in one patient can compromise its 
efficacy in another (“Societal Drugs”) 

 
 Slide courtesy of Sara Cosgrove, MD  Johns Hopkins University 

 3 



Science 2008;321:356-361 

 



Science 2008;321:356-361 



Outline 

 Prescribing practices 

 Antimicrobial stewardship 

 Measurements of use 

6 



Human prescribing practices 

 Empiric therapy  

 Practice guidelines 

 Treatment algorithms 

 Antibiograms 

 Indications for specific agents 

 Culture-directed modifications 

 Clinical outcomes 

 Flexibility among physicians 

 Off label use of antimicrobials 
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Example—doripenem use criteria 

 Empiric broad-spectrum therapy for patients with 

 Documented penicillin AND cephalosporin allergies (non-anaphylaxis) 

 Empiric therapy should be de-escalated to definitive, targeted therapy as 
soon as cultures and susceptibilities are known 

 Extended-spectrum beta-lactamase (ESBL)-producing organisms 

 Ertapenem is recommended in patients without risk factors for/or history 
of other multidrug-resistant organisms 

 Concurrent infection with an ESBL-producing organism AND Pseudomonas 
spp. or other multidrug-resistant Gram-negative organism susceptible to 
doripenem 

 Confirmed Pseudomonas spp. susceptible ONLY to doripenem ± 
aminoglycosides 

 Confirmed Acinetobacter spp. susceptible to doripenem 

 Cultures and susceptibilities which indicate that doripenem is the ONLY 
therapeutic option 
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Antimicrobial Stewardship 

“Antimicrobial stewardship includes not only 
limiting inappropriate use but also optimizing 
antimicrobial selection, dosing, route, and 
duration of therapy to maximize clinical cure 
or prevention of infection while limiting the 
unintended consequences, such as the 
emergence of resistance, adverse drug 
events, and cost.” 

 

Clin Infect Dis 2007;44:159-177 
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Evidence-based Practices 

 Active Strategies 

 Prospective audit with intervention and feedback 

 Formulary restriction and preauthorization 

 Supplemental Strategies 

 Education 

 Guidelines and clinical pathways 

 Antimicrobial cycling 

 Antimicrobial order forms 

 Streamlining or de-escalation of therapy 

 Dose optimization 

 Parenteral to oral conversion 

Clin Infect Dis 2007; 44:159–77 



Components of Antimicrobial Management 

 “Front End”—provided at the point of 
prescribing 
 Formulary Restriction and Preauthorization 
 Interactive decision support 
 Guidelines, order sets 
 Requires additional IS support and personnel (e.g. 

pharmacists) 

 “Back End”—after the antimicrobial has 
been prescribed 
 Prospective Feedback Audit 
 Streamlining or de-escalation 
 Dose optimization 
 Parenteral to oral conversion 
 Requires additional personnel support (e.g. pharmacists) 

 



Formulary restrictions/prior authorization 



Feedback auditing 

Linezolid Use
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Optimizing -lactam Therapy: 
Maximizing Percent T>MIC 

Increased duration of infusion 
–Prolonged infusion 

• Same dose and dosing interval, 100-250ml, however, change duration of 
infusion (0.5 hr  3-4hr) 
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Pharmacodynamic Targets for  
Select Antimicrobial Classes 

• β-Lactams – T>MIC 

 
β-lactam Class 

T>MIC Required for β-lactams  
Static Effect Cidal Effect 

Carbapenems 20% 40% 

Penicillins 30% 50% 

Cephalosporins 40% 60-70% 

Drusano Gl. Clin Infect Dis 2007;45(Suppl 1):S89-S95. 



Why evaluate antimicrobial use? 
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 Monitor precious resources 

 Examine the relationship of use and 
development of resistance 

 Monitor the impact of stewardship interventions 

 



Metrics for measurement 

Infect Control Hosp Epidemiol 2011;32:472-480. 





http://www.whocc.no/atc_ddd_publications/guidelines/ 

http://www.whocc.no/filearchive/publications/2012_guidelines_with_front_pa.pdf


Defined Daily Doses 
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 Utilizes the Anatomical Therapeutic Chemical 
(ATC) classification system 

 The DDD is defined as the average daily 
maintenance dose per day for a drug for its main 
indication in adults. 

 “Drug consumption data presented in DDDs only 
give a rough estimate of consumption and not an 
exact picture of actual use.” 

 Weight based dosing assumes 70 kg 





Defined daily dose examples 

 Cefepime= 2 grams (1 gram every 12 hours) 

 At OSUWMC we give 2 grams every 8 hours 

 Vancomycin=2 grams (1 gram every 12 hours) 

 At OSUWMC this would be an estimated 
standard dose 

 Daptomycin=0.28 grams (4 mg/kg) daily 

 At OSUWMC we may give 6-10 mg/kg 

 Linezolid=1.2 grams (600 mg twice daily) 

 At OSUWMC this would be an estimated 
standard dose 
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Methods 

 Antimicrobial use data from 130 hospitals 
obtained from Solucient (www.solucient.com) 
and examined through the Acute Care Tracker 
database. 

 Calculated the DDD using the WHO 
methodology 

 Calculated antimicrobials days of therapy 
defined as the 1 DOT=administration of a single 
antimicrobial regardless of the number of doses 
administered or the dosage strength 

Clin Infect Dis 2007;44:664-670 

http://www.solucient.com/
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When the administered dose is similar to the recommended DDD 

then correlation is good between the two methods 



When the administered dose is lower than the recommended DDD 

then the DDD are significantly lower than the DOT 

Clin Infect Dis 2007;44:664-670 



When the administered dose is greater than the recommended DDD  

then the DDD are significantly greater than the DOT 

Clin Infect Dis 2007;44:664-670 



Other difficulties with DDD measurement 

 Applicable only to adults; cannot be used for 
pediatric populations 

 Not applicable to renal failure patients with 
reduced dosing. 



Infect Control Hosp Epidemiol 2011;32:472-480 
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European Antimicrobial Resistance Surveillance 
Network  (EARS-NET) 

 

 http://www.ecdc.europa.eu/en/activities/surveilla
nce/EARS-Net/Pages/index.aspx 

 Formerly was European Antimicrobial 
Resistance Surveillance System (EARSS) 

http://www.ecdc.europa.eu/en/activities/surveillance/EARS-Net/Pages/index.aspx
http://www.ecdc.europa.eu/en/activities/surveillance/EARS-Net/Pages/index.aspx
http://www.ecdc.europa.eu/en/activities/surveillance/EARS-Net/Pages/index.aspx
http://www.ecdc.europa.eu/en/activities/surveillance/EARS-Net/Pages/index.aspx
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Methods 

 Accessed antimicrobial resistance data from the 
CDC Active Bacterial Core (ABC) surveillance 
network that tracks invasive pneumococcal 
infections in 7 states 

 Active population based surveillance system 

 All isolates from sterile body sites underwent 
standard susceptibility testing 

 Systemic antibiotic prescriptions were extracted 
from the IMS Health Xponent prescription 
database which contains 70% of all outpatient 
prescriptions in the US 

Clinical Infect Dis 2011;53:631-639 

 



Results 

 Yearly outpatient prescriptions decreased during 
the study time period from 1996-2003 
 37% decrease for children <5 years 
 42% decrease for children >5 years 

 Sites of high prescribing had higher number of 
cases of invasive pneumococcal disease 
resistant to antimicrobials than sites with low 
prescribing sites 

 Cephalosporins and macrolides appeared to 
select for penicillin and multi-drug resistant 
strains 

Clinical Infect Dis 2011;53:631-639 
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Methods 

 Surveillance and Control of Pathogens of Epidemiologic 
Importance (SCOPE).  SCOPE is a nosocomial 
bacteremia surveillance network with about 40 
participating hospitals and is coordinated by VA 
Commonwealth University 

 MediMedia Antimicrobial Information Technology (MMIT) 
Antimicrobial Monitoring Network involves about 70 
nongovernmental hospitals and links drug use to hospital 
and patient demographic data. 

 Data collected from SCOPE and MMIT partnership 

 Number of community prescriptions as outpatients were 
obtained from IMS Health Xponent database 

 



Hospital fluoroquinolone use 

Clinical Infect Dis 2004;39:497-503 



Community fluoroquinolone use 

Clinical Infect Dis 2004;39:497-503 



Correlation of FQ use with resistance 

Clinical Infect Dis 2004;39:497-503 



CDC Efforts 

 http://www.cdc.gov/hai/eip/antibiotic-use_techinfo.html 

 CDC’s first–ever, large–scale antimicrobial use 
prevalence survey among U.S. acute care inpatients.  

 Phase 1:pilot survey conducted in 2009 in nine acute 
care hospitals in Jacksonville, FL.  

 Phase 2:limited roll–out survey conducted in 2010 in 22 
acute care hospitals within the catchment areas of the 10 
Emerging Infection Program sites.  

 Phase 3: a full–scale survey conducted in 2011 in more 
than 180 acute care hospitals across the 10 EIP sites.   

http://www.cdc.gov/hai/eip/antibiotic-use_techinfo.html
http://www.cdc.gov/hai/eip/antibiotic-use_techinfo.html
http://www.cdc.gov/hai/eip/antibiotic-use_techinfo.html


Results of CDC studies 

 Phase 1: Antimicrobial therapy was the most 
sensitive proxy indicator for HAIs  

 Phase 2:Antimicrobial use prevalence was 
48.3% (95% CI: 46.2–50.5%). In 731 patients 
receiving treatment for active infection, 
vancomycin (218, 29.8%) and 
piperacillin/tazobactam (139, 19.0%) were the 
most commonly administered antimicrobials.  

 Phase 3: Results still pending. 



CDC NHSN AU system 

 http://www.cdc.gov/nhsn/ 

 The National Healthcare Safety Network (NHSN) 
is a secure, internet-based surveillance system 
that integrates and expands legacy patient and 
healthcare personnel safety surveillance 
systems managed by the Division of Healthcare 
Quality Promotion (DHQP) at CDC.  

 Collects standardized data on healthcare-
associated infections. 

 Launching module for collecting antimicrobial 
use and resistance data 

http://www.cdc.gov/nhsn/




   Questions? 


